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Abstract 
In this paper, the resin transfer molding (RTM) and compression molding manufacturing processes were used to 
fabricate composite wind turbine blades by stacking pieces of glass-fiber fabric, expandable polystyrene (EPS) foam 
and inserting parts in an interior pressure mold. The blade preform is a composite foam-filled sandwich structure, 
where the interior is an EPS foam layer while the exterior is coated with a main fiber layer, root reinforcing fiber 
layer and the parts are inserted. The inserted parts that were investigated were the I-beam, LED, conductor, root 
connection joint and repair patch. The reinforcing fiber layer was designed to provide maximum bending stiffness in 
the flexure to resist the stress concentration of the composite wind turbine blade. This research will also be used to 
develop adhesive bonding repair techniques for life extension of the damaged components in a wind turbine blade. A 
number of composite wind turbine blade constructions were fabricated to demonstrate the feasibility and applications 
of the proposed manufacturing method. 
 
© 2011 Published by Elsevier Ltd.  
 
Keywords: Wind turbine blade, composites, fabrication, sandwich structure, resin transfer method 
1. INTRODUCTION
Both fiberglass-reinforced and epoxy composites have been shown to have the combination of strength 
and low material and fabrication costs required for competitive blade manufacture. The requirements of 
the composite wind turbine blades are high bending stiffness, good surface quality and low weight. Even 
though the polymer matrix fiber composite materials have good mechanical properties and low density, 
the surface quality depends on the material type, stacking sequence and curing process of the composite. 
Resin Transfer Molding (RTM) [1-3] is an advanced composites processing technology for 
manufacturing high quality polymeric composite structures. In this study, the proposed prototype blade 
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manufacturing method will be described in the following four normalization stages, manufacturing the 
blade mold, manufacturing the expandable polystyrene (EPS) foam, manufacturing the fabric preform, 
and manufacturing the composite blade. Several insert designs in structured composite foam-filled 
sandwich blade constructions are given to demonstrate the feasibility and applications of the proposed 
normalization process. 
2. NORMALIZATION PROCESS OF THE BLADE 
2.1. Manufacturing of the blade mold 
The mold includes the lower mold, upper mold, seal, injection port, vacuum port, airport, EPS foam 
and glass fabric preform. The interior surfaces of the mold cavities are carefully treated and highly 
polished to yield a fine smoothness of blade surface.  
2.2. Manufacturing of the EPS foam 
EPS foam is used as a cushioning material for protective packaging of equipment and products to 
absorb shocks and prevent the products from being damaged. Figure 1 shows the important beads pre-
expanding and EPS foam processing steps of the steam injection molding technique process. During the 
expanding process, the pressure and temperature for the pre-expanded beads are about 0.15 kg/cm2 and 
100 ɗ, respectively. After the pre-expanded beads were dried and aged for 24 hours, the fresh beads 
were poured into the blade preform mold. Steam is then injected through the injection port until it fills the 
mold and comes out of the air vent.  
2.3. Manufacturing of the fabric preform 
A preform is often used when manufacturing composite elements using the RTM process. Figure 2 
shows the main fiber mats, root reinforced fiber mats, formed EPS foam and inserted parts assembled as 
the blade preform. Note, the optimal angle-ply angles ș with respect to the axis of the composite blade 
structure were used to design the maximum stiffness subjected to a central load. The I-beam, LED, 
conductor and metal switch head inserts were buried in the composite foam-filled sandwich blades (see 
Figures 3-4). 
2.4. Manufacturing the composite blade 
2.4.1. Compression molding process 
In this study, the compression molding process begins by stacking the pieces of glass-fiber fabric 
and metal switch head (or the other insert) with resin EPS foam into a two-sided mold. The special feature 
of the two-sided mold is it will be able to sustain the thrust pressure induced by the expandable 
polystyrene (EPS) foam blade perform. In the process, the two-sided mold is closed and internal pressure 
is generated by the EPS foam and mold. 
2.4.2. Resin transfer molding process 
RTM is a signal/double sided tooling process where the fabric preform is placed into the tool and the 
interior pressure is molded in conjunction with the resin distribution and injection pressure distribution 
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lines. Figure 5 shows the important pre-processing and post-processing steps of the RTM and 
compression molding process. The normalization process technique of the RTM and compression 
molding involves the following six stages: 
1. Cleaning the mold with acetone and spraying mold-release. 
2. Cutting and pressing the dry glass fiber mats into the desired EPS foam shapes that when assembled 
generally conform to the surfaces of the finished structure. 
3. Filling the mold with the preform. 
4. Sealing off the mold. An injection pressure of 20 MPa was applied to the resin bath and the sealed 
mold. 
5. Curing the product. 
6. Removing the mold and polishing the surface of the product to become smooth. 
3. RESIN INFUSION SCRAF-OVERLAP REPAIR PROCESS 
Generally, the resin infusion technique comprises two basic steps. First, sufficient dry reinforcement 
was placed onto the surface of the substrate to meet the blade’s structural requirements. Second, a curable 
resin is introduced so the reinforcement is impregnated and the resin is solidified. Figure 6 shows the 
resin infusion scarf-overlap repair process adapted to manufacture the blade scarf-overlap repair. The 
normalization process technique of the resin infusion scarf-overlap repair involves the following six 
stages: 
1. Prepare the surface by removing the paint and cleaning. 
2. Remove the damage by scarf or set-cutting the plies. 
3. Prepare the woven fabric layer size and shape. 
4. Mix the resin and pour the resin onto the bonding fabric patches. 
5. Apply pressure and cure the repair patch. 
6. Re-finish the part and polish the surface of the scarf-overlap patch to become smooth. 
4. EXPERIMENTAL INVESTIGATION 
The aforementioned RTM and compression molding technique will be applied to the design of 
composite foam-filled sandwich blades constructed with a stack of homogeneous core (EPS foam) placed 
between two cover (glass fiber) laminates. Figures 7-8 show the von Mises stress distribution for 
composite blades with root diameters (D46) and various numbers of reinforcing fiber layers (L4 and L4-
8). D46 represents the dimension of the root diameters of 46mm. L4 has 4 main fiber layers and L4-8 has 
4 main fiber layers and 4 inner root reinforcing fiber layers. Note, the dimension of the root diameters and 
number of reinforcing fiber layers can resist the stress concentration of the composite blade. Also, the 
reinforcing fiber layer (L4-8) has a significant effect on reducing the von Mises stress of the composite 
blade structure, which is greater than 98 percent. A composite repaired blade specimen with an adhesively 
bonded patch is mounted and tested in a properly aligned and calibrated INSTRON-1332 test machine. 
The composite repaired blade was mounted in a sleeve for clamping the root suspension system and 
subjected to a static transverse load at L=500 mm from the root end of the blade. The laminated 
composite blade with main fiber layers and reinforcing fiber layers was tested to failure. This experiment 
is designed to provide the maximum bending effect in flexure to resist the stress concentration at the root 
or damage region of the composite repaired blade. In the theoretical failure analysis, failure is predicted to 
the top surface of the root region of the laminated composite blade and the theoretical failure locations 
were confirmed by experimental observations. In the experiment, the experimental phenomenon and 
ultimate strength of these repaired blade specimens were recorded. Photographs were also taken for 
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studying their failure mechanisms, as shown in Figs.9-10. The root region failed to sustain the maximum 
bending load transferred from the static transverse load P=161 kgf. In contrast, for the scarf-overlap 
repair region the stress distribution was more uniform. The repair region showed a stiffer response than 
the parent composite due to the local thickness increase generated from applying of the co-infused scarf-
overlap ply. The purpose of the co-infused scarf-overlap ply was to strengthen the repair making the patch 
section thicker than the parent. 
5. CONCLUSION 
The present paper examined how to combine the composite material with conventional EPS foam 
material and how the bond is feasible for wind turbine industrial application in general. To carry out the 
design and manufacture process of the product, we followed four normalization stages. To utilize the 
composite material, we must first optimize the structure with proper fiber orientation, number of 
reinforcing fiber layers and foam. Then we conduct the manufacture and testing to understand the basic 
properties of such an arrangement and to see if this method is suitable for industrial application. We 
found out that the bond made by employing an interface EPS foam and inner root reinforcing fiber 
elements between two different glass-fiber cover laminates can overcome the strength problems of a 
previous application.  
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Figure 1: The six stages of the EPS foam Process. 
 
Figure 2: Configurations of the development drawing of the composite sandwich blade preform. 
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Figure 3: The conductor insert in structured composite foam-
filled sandwich blade. 
Figure 4: The LED insert in structured composite foam-filled 
sandwich blade. 
 
 
Figure 5: The six stages of the RTM and compression molding processes. 
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(a) (b) (c) 
 
(c) (d) (e) 
Figure 6: Resin infusion scarf-overlap repair process:(a) remove the damage (b) cut the fabric layers (c) pour the resin onto the 
fabric (d) impregnate the raw fabric (e) apply pressure and heat curing (e) polish the repair surface. 
 
Figure 7: Von Mises stress distribution for D46/L4 composite 
blades without root reinforcement. 
Figure 8: Von Mises stress distribution for D46/L4-8 composite 
blades with root reinforcement. 
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Figure 9: Single-point load test. Figure 10: Failure mold of the tested blade specimen. 
 
